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POREWORD 


This  Is  (Quarterly  Status  Report  Ho.  10,  for  the  period  of  1  February 
throuj^j  30  April  1961*.  “niis  report  describes  projects  active  in  the  third 
year  of  this  contract. 

At  the  present  time  there  are  six  projects,  as  follows: 

1.  Centipede  TWT 

2.  Periodic  Circuit  Studies 

3.  Oscillation  Suppression  in  TWT's 

4.  Extended- interaction  IQystrons 

5.  Transverse-wave  Studies 

6.  Honperiodic  Dielectric-lined  TWT 

The  project  titled  "Oscillation  Suppression  in  TWT's"  has  been  com¬ 
pleted.  A  technical  report,  "On  the  Analysis  and  Suppression  of  Oscillations 
in  High-power  Traveling-wave  Tubes,”  by  A.  J.  Bahr,  has  been  written,  which 
describes  ai 1  the  work  on  this  project.  abstract  of  this  report 

(HADC-TER-64-172,  June  1964)  is  presented  herein. 

The  Responsible  Investigator  for  this  contract  la  Professor  Marvin 


Chodorow. 


Key  vords:  Traveliag  Wave  Tubes;  Microwave  Interaction  Circuits; 
Transverse  Wave  Stxidies. 


ABSTRACTS 


1.  CENTIPEDE  TWT 

The  centipede  circuit  has  been  adapted  for  use  on  the  electron  stick 
In  such  a  manner  that  the  a]Q>lltude  and  phase  of  the  growing  wave  along 
the  beam-circuit  Interaction  length  can  be  aeasvired.  The  results  of  this 
study  will  be  of  utmost  value  In  optimizing  the  many  parameters  affecting 
the  beam-circuit  Interaction.  Current  results  of  theory  and  experiment 
eu:e  presented. 

2.  PERIODIC  CIRCUrr  STUDIES 

A.  HIGH-POWER  TWT  CIRCUIT  STUDIES 

Modification  of  existing  circuits  and  new  circuits  for  hlgh-power 
TWT's  are  Investigated  in  order  to  improve  the  bandwidth,  lB?)edance  and 
stability  characteristics  of  this  class  of  tubes.  A  new  circuit  Is 
considered  which  has  over  two-to-one  bandwidth  (2500  to  5500  Cc).  The 
results  of  a  modification  of  the  centipede  circuit  are  also  presented. 

Both  of  these  studies  are  now  completed. 

B.  PERIODIC  DIELECTRIC  H-MODE  GUIDE 

Evaluation  of  the  unshielded  periodic  array  of  small  dielectric 
resonators  as  a  new  positive-dispersion  slow-wave  structure  providing 
an  axial  H  field  Is  complete.  The  predicted  propagation  characteristics 
were  confirmed  by  measurements  on  an  array  of  rutile  disks,  but  the  data 
are  universally  applicable.  A  very  large  choice  of  bandwldths  Is  obtain¬ 
able  accordingly,  as  the  array  spacing  is  very  small  or  very  great.  A 
novel  distributed  ferrite  frequency  multiplier  Is  proposed. 


Ill 
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The  electron  st^ck  has  been  used  to  evaluate  methods  of  lBq>rovlng 

the  stability  characteristics  of  hi^-pawer  WT's.  Of  particular  Interest 

are  the  pulse^edge  (s>point)  oeeillatioDs.  The  technique  applied  to  this 

prbblea  is  that  of  selectively  coupling  the  periodic  centipede  structure 

to  an  external,  lossless,  uniform  guide  and  coagparing  the  results  to  those 

obtained  when  the  external  attenuating  region  is  nonpropagating.  All  the 

work  on  this  project  has  been  coq>leted,  and  a  coiq>lete,  conqnrehenslve 

report  has  been  written.  The  abstract  of  this  reportr*l8  given  in  Part  3. 

*  RADC-TER-6IUI72,  June  1964. 

4.  ESTHfUED-UrrERACTIGH  KLYSTROSS 

Asseably  of  the  experimental  three -cavity  tube  has  been  coqtleted, 
and  beam  tests  on  the  electron  stick  are  in  progress. 

TRAHSVESSE-UAVE  STUDIES 

Investigation  of  transverse -wave  propagation  on  accelerated  streams 
is  continuing.  A  technical  report  describing  the  results  is  being  pre¬ 
pared. 


6.  N01IPERI(E)IC  DIELECTRIC  TRAVELINB-HAVE  TUBES 

This  project,  concerned  with  nonperiodic  extra-hlgh-power  S-band 
tubes  based  on  rf  structures  that  are  slaply  uniform  sleeves  of  dielectric 
inside  a  metal  shell,  has  been  discontinued.  Sosie  reconnendatlons  will 
be  set  down  for  the  record,  as  the  principle  behind  these  tubes  remains 
promising,  provided  a  beam-tunnel  lining  other  than  a  helix  can  be 
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I.  OBJECTTIVES  OF  THE  C(»rRACT 


There  are  several  objectives  for  this  contract.  One  general  objective 
is  to  conduct  theoretical  and  experimental  investigations  of  microwave  tubes 
with  a  view  toward  the  development  of  tubes  cs^jable  of  at  least  10  megawatts 
of  peak  power,  average  power  approaching  50  kilowatts,  bandwidths  approach¬ 
ing  30  percent,  gains  of  35  db,  and  efficiencies  of  ^  percent.  Another 
objective  includes  the  Investigation  of  the  direct  coupling  of  rf  energy 
onto  a  plasma  and  vice  versa,  and  of  methods  of  producing  plasmas  with  high 
density  and  lover  radial  density  variations,  'inother  objective  is  to  make 
a  theoretical  analysis  of  the  thick  beam  transverse-wave  anpllfler  and  then 
to  conduct  an  experimental  Investigation  of  a  dc  punped  transverse-wave  am¬ 
plifier,  aplqylng  the  results  of  the  theoretical  work. 
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U.  SUNMIOr  AID  ANALYSIS  OP  THE  WORK 


1.  carriPEDB  Tvr 

(D.  K.  Winslow,*  T.  Keeder) 

A.  IKTROOUCTION 

The  objective  of  this  project  is  to  study  the  electron  beam  -  slow 
wave  circuit  interaction  in  a  high-power  traveling-wave  tube.  The  centi¬ 
pede  slow  wave  circuit,  a  coupled  cavity  structure,  will  be  used  in  this 
study.  In  particular,  the  centipede  has  been  chosen  because  it  has  proven 
to  be  one  of  the  most  satisfactory  slow  waveguides  for  a  high-power  TWF. 

The  method  of  investigation  will  be  to  measure  the  anplitude  and  phase  of 
the  fields  in  each  centipede  cavity  while  the  centipede  is  mounted  on  the 
electron  stick  crd  is  being  operated  as  a  TWT.  Measurements  over  a  par¬ 
ticular  region  will  be  possible,  such  ets  at  a  sever  and  in  the  output 
section  of  the  tube.  The  results  of  this  study  will  be  of  utmost  value 
in  qptlffllzlng  the  many  parameters  affecting  the  beam-circuit  interaction. 

B.  DISCUSSION 

The  fields  inside  each  centipede  cavity  are  saopled  by  a  small,  movable 
loop  probe  idilch  is  coupled  to  the  fields  by  small  slots  located  between 
the  feet  of  adjacent  centipede  loops,  as  shown  in  Fig.  1.  The  probe  can  be 
moved  over  the  entire  length  of  the  centipede  structure,  and  it  can  be  pre¬ 
cisely  positioned  over  a  particular  cavity  slot.  The  size  of  the  slots  was 
adjusted  to  provide  about  one-tenth  of  a  milliwatt  of  probe  output  when  one 
kilowatt  is  applied  at  the  centipede  input  coupler.  Still,  the  slots  are 
small  enough  that  the  power  radiated  out  of  one  slot  does  not  Interfere 
with  the  measuroKnt  at  the  next  slot. 

- 1 - 
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To  probe  DeasuraBent 
apparatus 


FIG.  1— Cross-sectional  view  of  the  centipede  structure 
shoving  field  probe  and  coupling  slot  location. 


The  aiv>llt'ude  of  the  fields  in  each  cavity  is  aeasured  hQr  positioning 
the  aovable  probe  over  the  coupling  slot  In  a  particular  cavity,  the  probe 
output  being  aeasured  by  a  square-law  crystal  detector.  The  detector  vol¬ 
tage  output  is  thus  proportional  to  the  a^>lltude  squared  of  the  cavity 
fields.  The  oieasureamit  of  phase  of  one  cavity  to  another  Is  accosgillshed 
by  mixing  the  movable  probe  output  with  a  reference  sample  of  the  centi¬ 
pede  Input  power  In  a  slotted  waveguide.  The  relative  phase  of  the  fields 
In  each  cavity  Is  then  related  to  the  shift  of  the  null  points  In  the 
slotted  waveguide  as  the  probe  Is  moved  froa  cavity  to  cavity.  This  method 
has  been  described  In  some  detail  In  an  earlier  report. 

During  the  past  quarter  the  amplitude  and  phase  of  the  centipede  TUT 
have  been  measured  under  small-signal  conditions.  Although  it  was  necessary 
to  add  10  to  1^  db  of  distributed  loss  to  the  centipede  In  order  to  stop 
parasitic  electron  stick  oscillations,  gains  of  up  to  15  to  20  db  were  re¬ 
corded.  The  centipede  circuit  for  these  measurements  consisted  of  l6 
periodic  sections  terminated  by  a  sever. 

The  phase  measurements  were  most  interesting,  and  to  the  author's 
knowledge,  the  presoit  experiments  on  the  centipede  are  the  first  measure¬ 
ments  of  i^ase  vs  Interaction  length  ever  made  for  a  TWT.  Figure  2  shows 
a  typical  plot  of  phase  vs  centipede  Interaction  length.  Note  that  the 
phase  delay  of  the  fields  in  each  centipede  cavity  has  been  measured  with 
respect  to  the  first  cavity  after  the  input  coupler.  Since  identical  centi¬ 
pede  sections  were  used,  the  phas'  shift  from  one  cavity  to  the  next  under 
cold  conditions  must  be  the  same  anywhere  in  the  tube.  This  fact  was 
demonstrated  experimentally  and  can  be  seen  in  Fig.  2.  In  fact,  the  phase 
data  with  no  beam  Is  so  uniform  that  e.  straight  line  can  be  quite  acciuately 
drawn  through  the  data.  The  slope  of  this  line  Is  slnqply  the  phase  shift 
per  section  of  the  centipede  circuit.  When  the  beam  is  turned  on,  the 
phase  along  the  tube  length  changes.  In  the  first  few  cavities  the  phases 
change  rapidly  up  and  down,  perhaps  Indicating  that  several  waves,  growing 
and  decaying,  are  being  launched  In  the  cavities  by  the  beam.  However,  the 
phase  again  becomes  uniform  in  the  last  few  cavities  before  the  sever- load, 

^Quarterly  Status  Report  No.  7  for  Contract  AF  30(602)-2575,  Microwave 
Laboratory  Report  No.  1080,  Stanford  University  (September  1963). 
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thus  showing  that  a  single  growing  ware  Is  doalnant  Again  a  straight  line 
mmy  be  drawn  through  the  data  to  estlaate  the  phase  shift  per  section  of 
this  growing  wave.  Phase  data  like  that  in  Fig.  2  has  been  recorded  over 
aost  of  the  centipede  passband. 

If  one  plots  the  frequency  of  aeasureaent  vs  the  i^iase  shift  per  section 
as  detemined  froa  phase  data  like  that  of  Fig.  2,  the  result  gives  an  u>-^ 
dlagraa  for  both  '‘beaa  on”  and  ”beaa  off"  conditions.  Figure  3  shows  experl > 
mental  data  tdiich  was  deteralned  froa  aany  curves  like  Fig.  2.  The 

"beaa  off"  or  cold  data  shown  in  Fig.  3  demonstrates  that  the  experlaental 
aethod  Is  capable  of  high  accuracy.  Furthermore,  with  the  baaa  on,  the 
a>-3  data  shifts  due  to  the  coupling  of  the  sxow  space-charge  wave  and  the 
forward  centipede  wave.  Thus,  the  fact  that  the  phase  has  shifted  to  a 
position  closer  to  the  slow  space-charge  wave  in  Fig.  3  is  very  reasonable. 
The  "beaa  on"  data  show  aK>re  scartter  than  the  "beaa  off"  data  since  the 
effect  of  reflections  is  much  greater  when  the  beaa  is  on. 

The  rf  power  or  the  square  of  the  centipede  field  a^>lltude  in  each 
cavity  was  measured  over  the  entire  passband  of  the  centipede.  A  typical 
aeaaureaent  of  relative  power  vs  distance  along  the  centipede  interaction 
length  is  shown  in  Fig.  4.  Since  the  field  aaq>litude  squared  is  proportional 
to  the  axial  power  flowing  in  the  centipede  circiilt,  it  is  convenient  to 
plot  the  a^>litude  squared  data  in  db.  All  the  data  have  been  noraalized 
so  that  the  power  at  cavity  niad>er  one  with  the  beaa  off  is  zero  db.  Figiire 
4  shows  that  the  power  increased  12.^  db  at  cavity  one  when  the  beaa  was 
turned  on.  Vlth  the  beaa  off,  the  power  is  attenuated  with  distauice  at 
about  0.9  db/section.  Rote  that  there  is  some  scatter  of  the  data  around 
the  straight  line  approxiaation  cf  this  attenuation.  This  scatter  is  caused 
by  nonunifora  coupling  of  the  fields  to  the  traveling  field  probe  as  was 
discussed  in  a  previous  report. Figure  4  also  shows  the  growing  wave 
phenomenon  in  the  last  few  cavities,  the  asymptotic  gain  being  about  0.8 
db/section.  The  data  at  other  frequencies  were  examined  to  determine  the 
asyiQrtotic  gain  and  the"beaa  off”  circuit  attenuation  as  in  Fig.  4.  The 
results  are  presented  in  Fig.  5. 

^^^Secoad  Annual  Report  for  Contract  AF  30(602)-2575»  Microwave  Labora¬ 
tory  Report  Rd.  Ill6,  Stanford  University  (October  1963),  pp.  9-12. 
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Frequency  in  megacycles 


FIG.  3--<i>-P  diagram  for  *he  ce’^’tpeae  IVT. 
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FIG.  5— TWT  gain  and  circuit  attenuation. 


In  suHMry,  It  should  be  said  that  the  centipede  TWT  operated  on  the 
electron  stick  performs  quite  veil  despite  the  rather  high  cold  cli'cult 
attenuation  needed  to  suppress  stick  oscillations.  It  has  been  possible 
to  measure  phase  and  amplitude  vs  Interaction  length  at  beam  voltages  up 
to  ICX)  kv.  During  all  of  these  measurements,  the  TWT  operation  was  stable. 
Rb  pulse  edge  or  structure  oscillations  were  observed. 

C.  FimJRE  PLARS 

Work  Is  continuing  on  a  8Kll>signal  theory  for  the  centipede  that 
Includes  the  effect  of  two  circuit  and  two  beam  waves.  This  theory,  idilch 
exhibits  four  waves  rather  than  the  usual  three.  Is  derived  using  an  ac> 
curate  equivalent  circuit  for  the  centipede  and  a  vide  gap  ballistic  model 
of  the  beam.  A  detailed  description  of  the  equivalent  circuit  Is  found  In 
another  report. The  beam  Interaction  with  the  centipede  circuit  field 
assumes  that  each  centipede  cavity  looks  like  a  long  transit  angle  planar 
gap,  and  space-charge  forces  are  Included.  At  present  this  theory  is  being 
used  to  calculate  a  “beam  on"  a>>0  diagram  which  should  verify  the  experi¬ 
mental  data  shown  In  Pig.  3.  Thereafter,  a  calculation  of  field  amplitude 
and  phase  vs  interaction  will  be  done,  taking  Into  account  the  boundary 
conditions  of  the  beam  and  circuit. 


^Quarterly  Status  Report 
Hicrowave  Laboratory  Report  Ho. 


Ro.  6  for  Contract  AF  30(602)-2575» 
1037»  Stanford  University  (May  1963). 
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2.  PERIODIC  CIRCUIT  STUDIES 

(D.  K.  Winslow,  T.  Pulcunaga,  A.  Karp,  R.  M.  Jtelbon) 

A.  HIGH-POWEB  TWT  CIRCUIT  STUDIES 
(l )  Introduction 


The  objective  of  this  part  of  the  program  is  to  Investigate  the  prop¬ 
erties  of  new  high-power  TWT  circuits  and  modiflcatiorri  of  existing  circuits 
in  order  to  laprove  their  performance  characteristics.  Durlrig  this  Inves¬ 
tigation,  the  characteristics  of  the  long-slot  structure  have  been  rather 
radically  modified  by  the  use  of  straps  tdiich  extend  the  length  of  the 
structure  and  are  attached  to  each  disk  at  the  center  of  each  slot.  The 
two  most  remarkable  features  of  this  circuit  are  the  large  bandwidth 
{2500  to  5500  Mc/s)  and  the  apparent  confinement  of  the  lower  slot  mode 
to  the  slot  region  such  that  the  impedance  of  the  lower  mode  on  the  tube 
axis  is  very  small.  The  other  structure  of  Interest  is  a  modified  loop- 
coupled  centipede  in  which  each  section  consists  of  loops  over  half  the 
circumference  and  the  other  part  a  half  disk.  The  structure  is  coaQ>osed 
of  these  sections,  mounted  such  that  the  loops  are  opposite  the  half  disks 
in  adjacent  sections,  or  a  l80-degree  rotation  from  section  to  section. 

The  purpose  here  is  to  Introduce  a  larger  frequency  separation  and/or 
reduced  interaction  Ispedance  of  interfering  modes  while  maintaining  or 
loprovlng  the  bandwidth  and  Impedance  characteristics  of  the  operating  mode. 
This  part  of  the  program  has  now  been  coaq>leted. 

(2)  Discussion 

(a)  Long-slot  Structure  Modifications  and  a  New  Related  Structure 

This  work  has  resulted  in  a  stiuctiire  with  over  a  tvo-to-one  bandwidth 
in  the  forward-wave  operating  mode.  The  structure  consists  of  slot-coupled 
cavities  with  no  fins  and  with  a  conducting  strap  extending  the  length  of 
the  structure  through  the  slots  and  attached  to  each  disk  at  the  inner 
diameter  of  the  slots.  A  section  view  of  the  new  structure  is  shown  in  Fig.  6. 
The  dispersion  diagram  and  relative  impedance  for  tijis  structure  and,  for 
comparison,  the  typical  long-slot  structxire  are  shown  in  Fig.  7-  The  different 
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FIG.  6<>Dlagraii  of  strapped  structure. 


curves  of  Pig.  7  ve  for  different  strap  widths.  The  relative  l^iedance, 
Ztf’/F  f  Is  shown  for  the  oae>half>lnch  strap.  A  slower  structure  of  length 
L  =  0.266  In.,  is  compared  to  a  structure  of  standard  lens-^^  I'  0.^40  In., 
and  Is  shown  In  Pig.  8.  Part  of  the  decrease  In  bandwidth  cf  the  shorter 
structure  Is  due  to  the  saaller  drift  tube  hole  of  the  shorter  structure, 
0.2^  in.  dlaaeter  rather  than  the  standard  0.87^  In.  dlaaeter.  The  aost 
reaarkable  feature  of  this  strapped  structure  is  the  large  bandwidth, 

2^00  Me  to  ^^00  Nc,  with  an  Increase  In  the  relative  lapedance  Af/P  . 

Part  of  thls^ however,  Is  related  to  the  faster  phase  velocity  of  the  cir¬ 
cuit.  It  is  also  to  be  noted  that  the  relative  laqpedance  of  the  lower 
slot  aode  has  been  decreased.  This  aode  is  difficult  to  detect  on  the  axis 
of  the  structure.  Apparently  the  fields  of  this  lower  loop  aode  are  con¬ 
fined  to  the  region  of  the  straps  and  slots.  This  should  be  an  lipoi'tant 
factor  In  the  coaplete  suppression  of  this  aode. 

(b)  A  Modified  Centipede  Structure 

This  section  describes  a  aodlflcatlcm  of  the  centipede  structure  that 
aay  have  advantages  over  the  present  circuit.  The  purpose  Is  to  aalntair 
or  Improve  the  bandwidth  and  Ijpedance  characteristics  of  the  operating 
aode  and  simultaneously  Introduce  a  larger  frequency  separation  and/or  re¬ 
duced  interaction  lapedance  of  Interfering  modes. 

The  centipede  strxicture  was  modified  by  inserting  semicircular  shorting 
planes  in  place  of  half  of  the  loops.  Each  section  was  then  placed  adjacent 
to  each  preceding  section  in  forming  the  structure  in  a  manner  such  that 
each  succeeding  plane  %ras  diametrically  opposed  to  the  preceding  one.  Since 
the  normal  syaaetry  of  the  centipede  was  destrcqred  with  respect  to  the 
plane  between  adjacent  sections,  the  plane  of  shorting  at  the  ends  had  to 
be  placed  In  the  center  plane  of  the  loops  to  preserve  syaaetry.  A  sche¬ 
matic  representation  of  the  circuits  is  shown  In  Fig.  9* 

Since  the  modification  of  the  first  structure  indicated  that  the  de¬ 
sired  characteristics  were  obtainable  at  the  expense  of  bandwidth  In  the 
operating  aode,  the  modification  was  extended  to  three  similar  centipede 
structures,  each  structure  differing  only  in  the  loop  height  as  shown  in 
Fig.  10.  It  was  hoped  that  tor  Increased  }ocp  height,  the  bandwidth  of 


FIG.  8— avp  characteristics  of  strapped  structure  Including 
a  structure  of  decreased  length  (L  *•  0.266  Inches). 
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(a)  UniBodi  f  led 


(b^  Modlfleo 


F-G.  9-  Scfcpsatic  represent ar Ion  of  circuits. 
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the  funrt—ental  pessband  would  also  be  Increased  to  caiv>en8ate  for  the 
decrease  In  nuaA>er  of  coupling  loops. 

It  was  noted  that  the  bandwidth  of  the  fundaaental  was  decreased 

in  all  three  structures  when  the  shorting  planes  were  substituted  for  oae- 
half  of  the  loops.  It  had  been  sxiggeated  previously  that  the  bandwidth  of 
the  fundSBcntal  In  the  centipede  structure  was  p)  oportional  to  vr  , 

idiere  n  Is  the  niaber  of  loops,  evezything  else  being  held  constant.  In 
the  structures  under  consideration  here.  It  was  found  that  for  the  standard 
centipede  structure  (structure  2)  the  ratio  of  the  bandwidths  was  very  close 
to  as  would  be  expected.  Ebwever,  as  the  loop  height  was  decreased, 
the  ratio  of  the  bandwidths  Increased  significantly,  and  for  Increased 
loop  height,  the  ratio  decreased. 

Before  caaQ>arlng  the  characteristics  of  these  three  structures,  it 
was  noted  that  the  loop  resonance  passband  for  structure  1  (saall  loops) 
was  shifted  up  In  fre<iuency  acre  than  expected  In  coaparlson  to  the  other 
two  structures.  A  closer  Investigation  of  structure  1  revealed  that  the 
capacitance  developed  between  the  loops  at  the  crossover  points  was  con¬ 
siderably  saaller  than  that  developed  between  the  loops  of  the  other  struct¬ 
ures.  If  this  crossover  capacitance  Is  coaqpensated  for  In  structure  1,  the 
resultant  dispersion  curves  are  those  Illustrated  In  Fig.  11.  Flgxures  12 
and  13  coiq?are  the  Af/F  characteristics  of  the  three  structures,  original 
and  Bodlfied. 

A  coaftarison  of  the  frequency  characteristics  as  Illustrated  In  Fig.  11 
Indicates  that  the  aodlfled  structures  suffered  a  bandwidth  loss  In  the 
fundaaental  passband,  but  that  the  stopband  in  all  cases  was  Increased  by 
this  aodlflcatlon.  Further,  the  Interaction  iaqpedance,  Af/F  ,  shown  In 
Figs.  12  and  13,  was  significantly  Increased  In  the  ^undaaental 

passband  and  decreased  In  the  loop  resonance  passband.  The  co^)arlson  of 
structures  1  and  2  Indicates  that  the  Increase  In  loop  height  tends  to  In¬ 
crease  the  bandwidth  In  the  fundaaental  passband;  however,  when  this  is 
extended  to  structure  3  with  still  larger  loops,  the  fundaaental  passbsmd 
retains  the  saae  bandwidth  but  Is  shifted  down  In  frequency. 

In  conclusion.  It  Is  to  be  noted  that  the  aodiflcatlon  had  the  de¬ 
sirable  effects  of  Increasing  the  stopband,  increasing  the  interaction 
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FIG.  11--A  conparlson  of  frequency  characteristics  of  compensated 
structure  1  with  structures  2  and  3. 


A  comparison  of  interaction  impedance  charac’er 
for  structures  1,  2  and  3. 


iapedar.ce  Af/r  ir.  tr.e  fur.laaectal  passbar.d  vhilp  decreasing  it  in  the 
loop  resonance  passbar.d.  The  lindesirable  effect  was  the  decrease  in  band¬ 
width  in  the  fundaaental  passband.  Therefore,  the  optimal  structiare  would 
probably  be  the  modified  structure  2  which  embodies  all  of  the  desirable 
characteristics  with  only  a  small  percentage  decrease  in  bandwidth  of  the 
operating  passband.  This  concludes  the  high  power  TWT  investigations  of 
this  modified  centipede  circuit. 

B.  PERIODIC  DIELKTRIC  H-MODE  GUIDE 
(a.  Karp) 

The  understanding  ana  evaluation  of  this  new  concept  in  periodic  slow- 
wave  structures  is  essentially  complete.  The  circuit  has  the  form  of  an 
array  of  small,  high-Q,  hlgh-c'  (titanate)  dielectric  resonators  in  free 
space  (or  supported  by  material  of  relatively  low  e'  )  coupled  by  the 
H  fields  external  to  them  (Fig.  l4).  Since  the  coupling  generally  occurs 
at  some  distance  from  the  resonators,  the  exact  shape  and  orientation  of 
the  individual  resonator  is  of  small  consequence;  the  parameters  determining 
the  dispersion  of  the  structtire,  to  the  first  order,  are  merely  the  spacing 
(L),  and  the  resonant  frequency  (Tqq)  of  an  Individual  resonator  in  isolation. 
The  thin  disk  is  a  preferred  shape,  however,  because  of  its  circular  sym¬ 
metry  and  because  its  lowest  resonance  frequency  (which  is  taken  as  f^) 
is  well  removed  from  the  mar^  higher  frequency  resonances  a  high-t'  dielectric 
volume  exhibits.  A  hole  in  the  center  of  the  disk,  yielding  a  ring,  is 
often  useful.  Though  not  essential,  it  is  usually  convenient  to  orient  the 
disks  with  their  sues  of  symmetry  alor.g  the  axis  of  the  array  and  to  simileu-ly 
align  the  crystalline  C  eocis  of  the  material  when  It  is  anistrophic 
(e.g.,  rutile). 

The  field  configuration  of  the  wave  propagating  in  this  medium  is 
essentially  .  Shieldirig  is  optional  at  all  frequencies  for  which  the 

phase  velocity  is  less  than  C  ;  in  the  infinitely  long  array,  conductors 
of  any  kind  are  assumed  absent  from  the  vicinity  of  the  array. 

The  predicted  propagation  characteristics  of  the  array  were  confirmed 
for  many  values  of  L  by  tests  on  arrays  containing  oriented  single-crystal 
rutile  disks  l/c  Inch  dlam.  X  l/8  inch  thick  (f^  =  32^0  Mc/s;  10,000), 
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no.  lU-Perlodlc  mri^  of  dielectric  resonators  an  H  -aode  slow-wave 
8tructui-e.  (Fields  are  sketched  for  the  condition  p  -  ff/3L. ) 


■ounted  on  plexlgl&s  spiders.  Since  the  effects  of  the  shape  of  the  unit 
resonator  are  of  second  order,  these  data  are  universal  to  the  first  order, 
and  can  be  scaled  to  apply  to  aqy  array  in  terms  of  the  dlaensionless 
paraaeter  f^  L/C  To  aeasure  the  propagation  characteristic  for  a 
given  L  ,  the  appropriate  procedure  vould  be  to  observe  the  n  +  1 
resonances  of  a  finite  l«igth  of  array  of  n  units  bounded  axially  by 
aagnetic  adrrors.  In  the  absence  of  aagnetic  airrors,  careful  inter¬ 
pretation  of  the  n  resonances  obtainable  with  the  finite  array  bounded 
axially  (but  not  radially)  by  electric  mirrors  (conducting  planes)  is 
adequate,  although  the  lower  cutoff  condition  3=0  is  not  revealed. 

For  example,  with  conducting  planes  normal  to  the  axis  at  a  distemce  of 
L/2  from  each  end  element,  and  with  small  coupling  loops  poking  through 
these  end  planes,  the  resonances  observed  correspond  to  1,2,3,  •  •  • 

n  ,  in  order  of  increasing  frequency.  Due  to  the  ease  of  varying  n 
and  L  in  the  test  configuration,  multiple  checks  of  data  points  were 
possible.  Propagation  characteristics  (which  are  approxlaBtely  universal, 
as  discussed)  are  plotted  in  Pigs.  15  (<n  vs  pL)  and  l6  (o)  vs  p)  ,  irtiere 
cosqmrison  with  propagation  in  a  nonperiodic  rutile  rod  (i.e. ,  the  disks 
touch)  and  an  infinite  rutile  medlvai  are  possible.  (Regions  of  phase 
velocity  close  to  C  and  greater  are  omitted,  as  the  then  necessary 
shield  has  some  influence. )  As  predicted,  the  dispersion  is  positive 
("forward  wave")  and  the  passband  is  roughly  centered  at  the  resonance 
frequency  of  the  unit  element.  As  L  decreases,  bandwidth  Increases. 
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Frequency,  (q/2n,  In  Mr/ 


3.  osciUiiKricR  soppmssLm  in  tht's 

(D.  K.  Vl&slow,  A.  Bahr,  R.  Hllson) 


A.  IKRQOUCTIOI 


The  objective  of  this  study  is  to  suppress  the  varioiis  types  of  oscilla¬ 
tions  that  can  occur  in  a  periodic  structure  when  it  is  excited  hy  an  elec¬ 
tron  besM  (as  in  hlgh-pdwer  traveling-wave  tubes)  without  ictrodtiCiDg  ex¬ 
cessive  attecuaticst  Into  the  operating  frequency  band.  Of  particular  interest 
are  the  pulse-edge  (x-polnt)  osclUatlons  which  are  Inherently  possible  in 
any  TWT  trtiich  utilizes  certain  types  of  periodic  stnaitures.  The  technique 
which  Is  being  applied  to  this  laroblea  is  that  of  selectively  coupling  the 
pcrriodlc  structure  to  an  extenml,  loasless,  tmifora  waveguide.  The  select¬ 
ivity  16  obtained  by  pnqperly  adjusting  the  phase  and  attenuation  character¬ 
istics  of  the  waveguide.  The  structure  being  studied  in  this  ease  is  the 
"centipede”  structure,  but  this  sane  technique  could  be  applied  to  the  pa:^ 
ticular  osclllatl(xi  prcdileas  of  any  other  periodic  stnature  such  as  the 
"cloverleaf"  or  the  "long-slot." 

B.  dSCUSSIGB 

Since  the  last  reporting  period,  all  the  work  on  this  project  has  been 
coapleted  and  a  ccaqplete,  coaprdenslve  report  has  been  written.  The  abstract 
of  «iis  report,  RADC-TBR-172,  follows: 

?rhere  are  aany  factors  Involved  in  the  design  of  a  traveling-wave  tube 
(TW),  the  Bost  l^Kurtant  of  idileh  are  gain,  bandwidth,  efficiency,  and 
stability.  The  priaary  purpose  of  this  study  was  to  exaaice  the  question 
of  stability  in  hig^-power  TUT's  idilch  utilized  covpled-cavity  structures, 
both  as  to  the  ecxicepts  and  theoretical  description  of  the  possible  types 
of  Instabilities  that  can  occur  and  as  to  the  possible  scbeaes  for  aaking 
the  tube  stable.  Of  the  three  types  of  oscillations  which  are  possible  in 
a  pulsed,  high-power  TVT,  it  was  the  band-edge  oscillations  which  were 
of  priaary  Interest. 
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’Ihro  dlff«rect  tli€oretie«l  apuroMhee  tc  tii^  aaaalysis  of  osoiUctloo 
l^jgnaxm  in  eoi9led>«Bylt3r  structures  uere  exaalned.  It  Is  idboim  bow  tbe 
first  of  uQlf<Hrsly>Ci»]pl''^  v  *«tlog-ao(le  tlie<ay,  Mgr  be  ^pUei 

cooslstestlgr  to  such  s  perladie  sgrst^.'L.  .'owever.  It  is  also  slioim  that  meb 
•  tiiecr/  <»ly  applies  within  a  paasbaod  and  not  at  a  circuit  cutoff.  For 
frequencies  within  a  passbttid,  the:,  particular  three-«>iq>ledHK>de  solutions 
are  given  for  a  baekward>wave  oseiUator  Ktd  fcarvard*wave  aaplif ler  whidi 
operate  sjmcfaroiKsusIjr  at  the  saae  freqiMney  aM  idildi  are  coi^led  over 
part  of  their  l«gth  to  an  external  wavefpiide  wooee  purpose  it  is  to  si^* 
press  the  baekward-wave  oscillations.  The  results  indicate  (without  coo* 
sideling  the  practical  problem  involved)  that  a  substantial  increase  in 
start-osciUatiai  length  aagr  be  obtained  with  adly  a  relatively  saall  par- 
centage  deeroise  in  forward-wave  gain. 

"'The  second  theoretical  approatdi  eaphmized  the  coupled-cavity  nature 
of  the  structure  and  is  aore  appropriate  for  aoalTZing  the  oselUatlcn 
pbenoaena  idii<dj  oonir  near  the  bas^-edge  fre({aemy.  The  lystea  was  analyzed 
in  toras  of  iiutividual  cavity  nodes  idiidi  are  reaonmt  at  a  particular 
cutoff  frequency  of  the  structure,  nse  rmults  of  the  analysis  are  expressed 
in  teras  of  aatrlces  whose  eleaeats  are  given  in  teras  of  easily  aeasurable 
or  calcul^le  par—itera  .  !Rie  theoary  gives  an  adequate  description  of  the 
osculation  phenosKna  occurring  near  a  cutoff  aod  also  predicts  the  smt 
sort  of  backward-wave  oscillations  in  the  pasriiand  that  are  obtained  froa 
coupled  propagatlngHUde  theory.  Also,  the  theory  is  goieral  enough  to 
apply  to  a  "tapered"  structure. 

"A  comparison  with  the  genoal  couqpled-eavlly  theory  shows  that  the 
results  of  a  siaple  application  of  Hesscl-Berg's  lloiK>tron  theory  are  adequate 
fbr  estlaating  the  ainlaua  atart-oeciUatlan  length  of  a  nont^ered  structure 
at  cutoff,  but  that  the3'  will  alwagrs  underestiaate  the  starting  loogth  ly 
a  few  percent.  The  coupled-cavity  theory  was  also  med  to  evaluate  the 
effect  of  aoares<»iant  slot  coupling  between  ihe  cavities  ai^  an  external 
waveguide  for  frequencleB  both  in  the  passband  md  near  a  circuit  cutoff. 

"Bcperiaentally,  the  frequency  and  voltage  of  the  x-polnt  bsuod-edge 
CMicillatloos  ocoirrlng  in  the  "centipede"  structure  were  Measured  on  the 
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"eleetFoa  stick"  for  vmno)»  structure  laogtbs,  ku3  good  qualitative  agree 
■ent  with  the  coupled-canty  theory  was  obtained.  To  sceae  extest,  quanti¬ 
tative  agreeaest;  ws  also  obtained. 

■^ree  suppression  scheates  were  exaained  oc  the  electror.  stick- ail  of 
which  use  resesant,  radiating  slots  to  provide  loss  in  a  narrow  frequency 
ruige  n«r  the  tand-edge  of  interest.  The  difference  between  the  scheaes 
lies  in  the  type  of  eKtemal  enviroMent  Into  idil<di  the  slots  radiate, 
which  in  this  case  takea  the  font  of  a  lossless,  terslnated  waveguide,  a 
lossy  waveguide,  and  pure  loa«y  aaterlal.  All  of  these  schei^s  give  Increases 
in  start-oaciUatloo  length  of  or  sure,  with  alaoat  no  effect  on  the 
nMll-slgnal  gain  in  the  passband  except  near  the  band-edge.  The  lossless 
waveipiide  was  found  to  give  the  greatest  effect. " 
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nzanioRS 

(M.  Gbodorcw,  A.  Wkt^,  B.  Ktlke) 


A«  IWBCaOCTIOH 

Tlie  prloKiy  paarpot^  this  i^tijeet  is  to  further  Imres^CSte  the 
■nriM  SSln^teodwldth  product  aod  coorerslOB  efflcleacsr  ••  a^ilered  In  an 
ext«)ded>  interaction  klystron,  with  cavities  consisting  of  resonated  sections 
of  slowouave  structure.  Sie  current,  and  final,  tfiase  of  this  wcnic  is  the 
evaluatic»,  by  aeans  ot  the  eleetroa  stidc,  at  a  three>oavlty  L>baad  tube 
idildb  uas  described  in  the  last  (hwrterly  Bepca*t.  In  this  devi^,  broaAand 
■odulatlon  of  the  elytron  beai  Is  slilated  with  ii^ut  and  intermediate 
cavities  containing  tunable  resonated  sections  of  rlng^bar  structure.  The 
length  of  the  output  cavity  can  be  rhanyd,  in  half -wavelength  increaents, 
froB  one  to  five  resonant  half-wavelengths  of  its  coaponent  ring-bar  struct¬ 
ure  ,  aod  the  loadiEV  can  be  adjusted  by  dianglt^s  the  tcrainal  eondltions 
on  the  eoig>lers  attadied  to  both  ends  of  the  output  resoimtor. 

B.  OISCOSSIGS 

Asseably  of  the  esperiaental  three-cavity  L-band  tube  has  been  eoa- 
pleted,  end  beam  tests  of  this  device  are  in  progress.  The  parsBeters  of 
priaaiy  interest,  l.e.,  saturation  bandwldtib  and  efficiency,  will  be  evaluated 
for  different  lengths  and  loading  conditions  of  the  output  cavity,  aM  for 
different  beoB  velocities;  the  object  is  to  adiieve  ki  eapiricsl  optiaizstion 
of  these  parSBCters.  Sssll-sl^Bl  gain  snd  bwidwldth  will  also  be  evslusted 
snd  coegBred  to  the  liiwsr  thecuy.  It  is  expc^ed  that  the  sasU-slgnal 
results,  in  the  tbaeaee  of  s  sisple  Bodel  whidi  could  represent  the  Iszge- 
sigoal  b^iavior,  asy  be  helpful  in  arriving  at  an  optima  caabinstioa  of 
psrsBeters  even  feu*  sstursted-besB  conditions. 


e - 
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5.  THAIBVS^HAVE  STUDIES 

(T.  Vessel -^rg,  B.  Ikteks) 

A.  nrommoi 

The  c^Jeetive  of  this  project  is  to  stujy  •  pc^sible  approsch  to  broad- 
Iwod  hlgh'PCver^  aapliflers  tdilch  inrolTes  Interactloc  between  an  electron 
beaai  and  a  circuit  in  the  presmce  of  an  axial  dc  magnetic  field  This 
aaplificatlOD  ■echaoism  depends  on  interaction  between  the  transverse  ao- 
ti<xi  of  the  beam  with  transverse  electric  fields.  Esaaples  of  such  inter¬ 
action  are  the  Mler  low-noise  qu^hnqpole  aaplifler,  and  the  so-called 
fast -wave  tubes  idiere  a  rotating  electron  beaa  is  Interacting  with  an  ordi 
nary  fut  electroaagnetlc  wave  in  a  aooth  waveguide.  In  the  first  case 
this  type  of  interaction  was  used  for  low-noise  a^;)iiflers;  in  tne  secono 
case,  for  very  high  frequency  aapUfiers.  There  are  aany  possible  variations 
of  this  kind  of  interaction,  however,  idilch  wcxild  be  appropriate  to  any 
frequeicy  range  and  not  aerely  for  low  noise 

B.  SPACranSE  HAVES  Bl  AS  ACm^RATED  PARAim^FLOH  ELECTFCaf  BEAK  IS 
A  COi^ASr  MAGBEFIC  FIEU) 

In  a  previous  report;  we  had  indicated  that  use  would  be  aade  of  vector 
arid  soLlar  potentials.  He  have  found  that  analytical  solutions  of  these 
expressions  can  be  obtained  only  In  the  case  of  a  thin  beam  With 

E^(r,0,z,t)  =  i/2(E_  -  E^) 

arid 

E^(r,0,2,t)  =  1/2J(E_  -  E^)  , 

the  solutions  aay  be  represented  by 

K  = 

+  +  + 

E  =  E^^^  , 

z  z  z 

- 1 - 
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Id  the  foUoviog  analjrais,  ooljr  the  partial  aolutioos  (3)  viU  be  eoosite-ed, 
slDce  the  final  resulta  can  be  easily  geseralixed  to  the  solutions  (4) 
without  additional  coaputat lexis.  *010  potentials  hare  been  eraloat^  for  an 
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infinlteljr  Ic»g  beaa.  vMle  raklLg  Into  account  the  effects  of  retardation. 
Ihsertlaa  of  these  iKitentlals  into  the  force  equation  yield*  the  second- 
oraer  differential  systea 


lAere 


dlsplacesaoit. 

Telocity, 

C  - 

speed  of  ll^t  . 

aa  ~ 

signal  frequency. 

to  - 
c 

cyclotron  frequancy. 

a)p(z)  - 

plasaa  frequency,  utd 

It 

dc  beaa  velocity. 

nie  longitudinal  ccaqKXieots  can  be  obtained  from  (^)  and 
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(6) 


•ad 


(1), 


Sinee  tbe  Doorelatlvlstic  force  equations  are  considered,  the  tern 

2  2 

'vjc  in  (3),  vhidb  would  correspond  to  the  >  B  term,  will  be  caid.tted. 

Eipiaticwis  (^)  penalt  an  exact  solutlcm  for  «  0  .  At  the  present  tlae 

we  are  cotutidereiiis  first  order  MB  as  well  as  aigraptotie  series  solutions 

for  both  large  and  saall  values  of  the  product  m  ,  idiere  Z  is  the 

c 

spatial  distsme  froa  the  potential  ainlii  at  the  cathode. 
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6.  ICHF^OPIC  DIELECTKIC  TBAYELim-MkVE  TUBES 
# 

(A.  forp,  T.  Fldamf^) 

A.  »m»i]cncH 

This  ■project  has  bem  eoceerced  vlth  the  potentialities  of  hlgh-volta^e 
(order  of  1(X)  h?)  travellag-vare  and  related  (e.g. .  distributed-icteractioc 
klystroo)  tidies  utKise  rf  structures  are  slaply  unlfom,  haatogeneous  dielectric 
sleeves  inside  a  copper  shell.  Ihe  bl^  voltage  correspoods  to  dielectric 
e<»istaDts  less  tium  10  in  su^  tube  designs  and  lAec  coabined  with  aodest 
bandwidths  (not  over  close  to  the  cutoff,  the  sane  hign 

Interaction  lapedance  and  gain  obtainable  with  periodic  structures  is  to 
be  expected.  In  additioa,  the  possibility  of  using  high-theraai-ccwidiKrtivity 
beryllia  ceraaLc  as  the  dielectric  should  penri-t  exceptionally  hign  power 
capacity  at  a  given  wavelength.  The  special  advantage  of  the  D(»iperlodlc 
structure^however,  as  coopared  with  periodic  stnuitures,  is  the  freedoe 
froa  spurious  cecillatlons  due  to  s-aodes,  backward  spaee-hanK»iic  waves 
and  nearby  extra  passbands. 

B.  DlSCUSSIOi 

This  project,  idiich  was  coaBltted  to  tests  using  the  electron  stick, 
is  discontinued  due  to  final  dissatisfaction  with  a  wire  helix  as  a  beeB> 
tunnel  lining  of  the  proposed  structure.  Same  reccaai?  mint  iocs  will  be  set 
down,  for  the  record,  as  the  advant^es  of  a  nonperiodic  structure  resaln 
very  proaislng,  providing  same  suitable  beflB*tunnel  lining  can  be  developed. 

A  imifom  resistance  film  is  a  possibility,  with  a  coaproaise  aade  with 
regard  to  absorption  of  desired  waves  by  the  flla.  A  coa^inatiori  of 

resistance  fils  sod  wire  helix  would  be  attractive  if  tbe  film  cc*.ductivity 
needed  to  suppress  helix  oscillations  could  be  less  than  that  needed  to 
c<mdix;t  intercepts  beaa  current  in  the  absence  of  tbe  helix. 


« 

Project  supervisor 
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on  an  accelerated  stream  Is  continuing. 

VI.  HOHFBIIODIC  DIEIECTRIC  mVEUIfG  WVE  TUBES  -  TMs  work  has  been  dis¬ 
continued.  A  statement  of  recommendations  is  contained  herein. 
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